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(54) COMPOSITE ZIRCONIUM-CERIUM OXIDE, PROCESS FOR THE PREPARATION THEREOF, 
AND COCATALYST FOR CLEANING EXHAUST GAS 



(57) A zirconium-cerium composite oxide having 
excellent heat resistance and being capable of main- 
taining its large specific surface area even when used 
under high-temperature conditions, which composite 
oxide contains zirconium and cerium at a weight ratio of 
51 to 95 : 49 to 5 in terms of zirconium oxide and eerie 
oxide, the composite oxide having a specific surface 
area of not smaller than 50 m 2 /g, wherein said compos- 
ite oxide is capable of maintaining a specific surface 
area of not smaller than 20 m 2 /g even after heating at 
1 100 °C for 6 hours, a method for preparing the same, 
and a co-catalyst for purifying exhaust gas prepared 
with the composite oxide. 
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Description 

[0001] The present invention relates to a zirconium- 
cerium composite oxide that has excellent heat resist- 
ance useful in the fields of catalysts, functional ceram- s 
ics, and solid electrolyte for fuel cells, and particularly 
suitable for use as a co-catalyst for purifying vehicle 
exhaust gas. The present invention also relates to a 
process for preparing such a composite oxide, and a co- 
catalyst for purifying vehicle exhaust gas. 10 
[0002] Catalysts for purifying vehicle exhaust gas are 
composed of a catalytic metal such as platinum, palla- 
dium, or rhodium, and a co-catalyst for enhancing the 
catalytic action of the metal, both supported on a cata- 
lyst matrix made of, for example, alumina or cordierite. is 
As such a co-catalyst are used cerium oxide-containing 
materials, which have oxygen absorbing and desorbing 
capability originated in cerium oxide, i.e., the properties 
of absorbing oxygen under the oxidizing atmosphere 
and desorbing oxygen under the reducing atmosphere. 20 
With this oxygen absorbing and desorbing capability, 
the cerium oxide-containing materials purify noxious 
components in exhaust gases such as hydrocarbons, 
carbon monoxide, and nitrogen oxides at excellent effi- 
ciency Accordingly, the cerium oxide-containing materi- 25 
als are widely used as a co-catalyst. The property of 
cerium oxide is further enhanced by zirconium oxide. 
Thus, zirconium-cerium composite oxide is now a pre- 
vailing co-catalyst, and consumption thereof has been 
increasing. 30 
[0003] It is critical for activating the function of a co- 
catalyst made of the composite oxide to keep the co- 
catalyst at a high temperature. Low temperature of the 
exhaust gas, for example at engine start-up, will result in 
low purifying efficiency. Vehicle manufacturers are pres- 35 
ently trying to solve this problem by placing the catalyst 
system close to the engine for introducing hot exhaust 
gas right after its emission from the engine into the cat- 
alyst system. 

[0004] In this case, another problem is imposed on the 40 
heat resistance of the catalyst. In general, the efficiency 
of exhaust gas treatment is proportional to the contact 
area between the active phase of the catalyst and the 
exhaust gas, so that the co-catalyst is required to have 
a sufficiently large specific surface area. However, parti- 45 
cles of the conventional zirconium-cerium composite 
oxide grow when they are exposed to the high-tempera- 
ture operative environment for a long period of time, 
resulting in reduced specific surface area. The conven- 
tional composite oxide is thus not satisfactory in heat so 
resistance, so that co-catalysts are eagerly demanded 
that are capable of stably maintaining a large specific 
surface area. 

[0005] There are proposed some methods for prepar- 
ing a zirconium-cerium composite oxide having good 55 
heat resistance, for example, in JP-A-6-279027 and JP- 
B-8-16015. These references disclose a method includ- 
ing the steps of mixing a zirconium sol and a cerium sol, 



and adding a base to generate precipitate; and a 
method including spray drying. As to the heat resist- 
ance, the resulting mixed oxide is disclosed to have the 
specific surface area of 15 m 2 /g after calcination at 
1000 °C. 

[0006] There is proposed in JP-A-5-1 93948 a method 
for preparing a mixed oxide including calcining a mixture 
of a hydrated zirconia sol having the average particle 
size of not larger than 0.2 ^im and a compound of Ce, Y, 
Ca, Mg, or the like. As to the heat resistance, the 
obtained mixed oxide is disclosed to have the specific 
surface area of 12 m 2 /g after calcination at 1050 °C. 
[0007] There is also proposed in JP-A-5-1 16945 a 
method for preparing a mixed oxide including calcining 
a mixture of a hydrated zirconia sol having the average 
particle size of 0.05 to 0.2 jim and crystallite size of not 
larger than 4 nm and a compound of Ce, Y, Ca, Mg, or 
the like. As to the heat resistance, the obtained mixed 
oxide is disclosed to have the specific surface area of 1 5 
m 2 /g after calcination at 850 C C. 

[0008] JP-A-5- 1 55622 proposes a method for prepar- 
ing a zirconium oxide including mixing an aqueous solu- 
tion of a zirconium salt with a hydroxide, hydrated oxide, 
or oxide of a metal with the valency of two or more, fol- 
lowed by hydrolysis. As to the heat resistance, the 
obtained mixed oxide is disclosed to have the specif ic 
surface area of 8 m 2 /g after calcination at 1000 °C. 
[0009] All of the above-mentioned methods have the 
problem of long operation time for preparing the objec- 
tive oxide. For example, in the method using a zirconia 
sol, it takes over 100 hours to hydrolyze the aqueous 
solution of a zirconium salt, which imposes a problem in 
productivity. 

[0010] The large specific surface area may be 
achieved by suppressing the crystallite size, i.e. sup- 
pressing the growth of the crystal grains of the oxide. 
For example, the methods disclosed in JP-A-6-279027 
and JP-B-8-16015 mentioned above using a zirconia 
sol (colloidal zirconia particles of 5 to 500 nm size) are 
optimum for this purpose. Since such fineness of the 
crystal grains and particles of the oxide causes extreme 
sensitivity to thermal energy, the oxide produced by 
these conventional methods is remarkably reduced in 
specific surface area when calcined at a high tempera- 
ture in the range of 900 °C or higher, and thus has poor 
heat resistance. Accordingly, such an oxide is not suita- 
ble for use as a co-catalyst, which is to be exposed to a 
high operation temperature. Further, many of the meth- 
ods proposed hitherto have problems in that contamina- 
tion of impurities, such as chlorine or sulfur, which 
originate from the starting materials and have adverse 
effects on the catalyst, cannot be eliminated. 
[001 1 ] It is therefore an object of the present invention 
to provide a zirconium-cerium composite oxide which 
has excellent heat resistance suitable for a co-catalyst 
for exhaust gas purification, and which is capable of 
maintaining a large specific surface area even in its use 
under high temperature environment, a method for pre- 
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paring such a composite oxide, and a co-catalyst for 
purifying exhaust gas. 

[0012] It is another object of the present invention to 
provide a method for preparing a zirconium-cerium 
composite oxide having excellent heat resistance, with 5 
good reproducibility and in an economical manner. 
[0013] It is yet another object of the present invention 
to provide a method for preparing a zirconium-cerium 
composite oxide which has excellent heat resistance 
and which is free of impurities adversely affecting the 10 
catalyst, such as chloride and sulfur. 
[0014] The present inventor has made intensive 
research on the effect of zirconium starting materials, 
with the intention of discovering the cause of the drop in 
the specific surface area observed in the conventional is 
zirconium-cerium composite oxide upon heating at a 
high temperature, irrespective of its large specific sur- 
face area before the heating. There is known a method 
for preparing a composite oxide having high degree of 
solid solution of zirconium oxide and cerium oxide, 20 
wherein a precursor of a composite oxide is obtained by 
mixing a zirconium sol or an aqueous solution of a zirco- 
nium salt, and a cerium sol or an aqueous solution of 
cerium salt, followed by addition of a base to generate 
precipitate of the precursor. The precursor thus 25 
obtained is extremely sensitive to thermal energy possi- 
bly due to its microcrystallinity. and converted, as a 
result of calcination, to a zirconium-cerium composite 
oxide of a single phase with high degree of solid solu- 
tion. It has been confirmed, however, that calcination at 30 
a high temperature causes remarkable drop in the spe- 
cific surface area of the composite oxide, so that the 
large specific surface area cannot be maintained. Then, 
the inventor has made intensive efforts to increase the 
crystallinity of the precursor, and studied possible use of 35 
zirconium hydroxide powders and the effect of its parti- 
cle size, which have not hitherto been taken into 
account as a zirconium starting material for a composite 
oxide having a large specific surface area. As a result, 
he has found out a reaction method for obtaining a pre- 40 
cursor having these powders as a matrix and a cerium 
component and optionally additional components com- 
pounded therein, thereby completing the present inven- 
tion. 

[001 5] According to the present invention, there is pro- 45 
vided a zirconium-cerium composite oxide and a co-cat- 
alyst for purifying exhaust gas comprising powders of 
the composite oxide, said composite oxide comprising 
zirconium and cerium at a weight ratio in a range of 51 
to 95 : 49 to 5 in terms of zirconium oxide and eerie 50 
oxide, said composite oxide optionally comprising a 
metal selected from the group consisting of yttrium, 
scandium, lanthanum, praseodymium, neodymium, 
samarium, europium, gadolinium, magnesium, calcium, 
barium, aluminum, titanium, hafnium, and mixtures 55 
thereof, in a total amount in terms of oxides of 0.1 to 20 
% by weight of the composite oxide, wherein said com- 
posite oxide has a specific surface area of not smaller 



than 50 m 2 /g, and is capable of maintaining a specific 
surface area of not smaller than 20 m 2 /g even after 
heating at 11 00 °C for 6 hours. 

[0016] According to the present invention, there is 
also provided a method for preparing powders of the zir- 
conium-cerium composite oxide comprising the steps 

of: 

reacting under heating a mixture comprising zirco- 
nium hydroxide powders having an average particle 
size of 0.5 to 50 jim, a cerium sol having an average 
colloidal particle size of 3 to 100 nm, and optionally 
one or more members selected from the group con- 
sisting of salts of yttrium, scandium, lanthanum, 
praseodymium, neodymium, samarium, europium, 
gadolinium, magnesium, calcium, barium, alumi- 
num, titanium, and hafnium, in the presence of 5 to 
10 moles of nitric acid per mole of cerium in said 
mixture, 

adding a base, and further reacting a resulting mix- 
ture to precipitate a product, and 
calcining said product at 500 to 1000 °C. 

Fig. 1 is a graph illustrating the results of X-ray dif- 
fraction of the precipitate obtained in Example 1 
before the calcination. 

Fig. 2 is a graph illustrating the results of X-ray dif- 
fraction of the precipitate obtained in Comparative 
Example 1 before the calcination. 
Fig. 3 is a graph illustrating the thermogravimetry 
(TG) of the precipitate obtained in Example 1 . 
Fig. 4 is a graph indicating comparison of Example 
1 and Comparative Example 1 in heat resistance, 
illustrated in the crystallite size versus calcination 
temperature. 

Fig. 5 is a graph indicating comparison of Example 
1 and Comparative Example 1 in heat resistance, 
illustrated in the specific surface area versus calci- 
nation temperature. 

[0017] The present invention will now be explained in 
detail hereinbelow. 

[0018] Referring to the zirconium-cerium composite 
oxide of the present invention, the term "composite 
oxide" means that zirconium oxide and cerium oxide 
together form not a mere mixture, but a partial or sub- 
stantial composite oxide or a solid solution. In the appli- 
cation of this composite oxide to a co-catalyst, it is the 
cerium oxide that exhibits oxygen absorbing and des- 
orbing capability, whereas the zirconium oxide functions 
to enhance the heat resistance of the cerium oxide to 
allow it to exhibit the oxygen absorbing and desorbing 
capability over a wide temperature range. 
[0019] In the composite oxide of the present invention, 
zirconium : cerium weight ratio is 51 to 95 : 49 to 5, pref- 
erably 55 to 85 : 45 to 1 5, more preferably 60 to 80 : 40 
to 20 in terms of zirconium oxide (Zr0 2 ) and eerie oxide 
(Ce0 2 ) . With the zirconium content of less than 51 in 
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terms of zirconium oxide, excellent heat resistance can- 
not be achieved; whereas with the zirconium content of 
more than 95, the oxygen absorbing and desorbing 
capability originated from cerium oxide is insufficiently 
exhibited. The total content of zirconium and cerium 5 
together is preferably 80 to 1 00 % by weight of the com- 
posite oxide in terms of zirconium oxide and eerie oxide. 
[0020] The composite oxide of the present invention 
has the specific surface area of not smaller than 50 
m 2 /g. In general, the higher the calcination temperature 10 
in the manufacturing process, the smaller the specific 
surface area. According to the present invention, the 
composite oxide has a large specific surface area, for 
example, of not smaller than 90 m 2 /g when prepared 
through calcination at 500 °C for 6 hours, of not smaller is 
than 70 m 2 /g when prepared through calcination at 900 
°C for 6 hours, and of not smaller than 50 m 2 /g when 
prepared through calcination at 1000 °C for 6 hours. 
The maximum specific surface area of the present com- 
posite oxide is not particularly limited, but is about 120 20 
m 2 /g. A material having such a large specific surface 
area at these calcination temperatures is not known 
among the conventional zirconium-cerium composite 
oxides. The composite oxide of the present invention, 
when used, for example, as a co-catalyst, is capable of 25 
maintaining the specific surface area of not smaller than 
20 m 2 /g, preferably 20 to 30 m 2 /g, even after heating at 
1100 °C for 6 hours. In general, when oxide powders 
are calcined at a temperature above a particular tem- 
perature range determined by their composition or pro- 30 
duction process, the powders grow remarkably to cause 
drop in the specific surface area. In zirconium-cerium 
composite oxides, this drop is remarkable at a tempera- 
ture of about 1000 °C or higher, so that the current cat- 
alyst system for purifying exhaust gas is designed to 35 
operate usually at about 900 °C or lower. In the present 
invention, in order to indicate the performance of a com- 
posite oxide that is adapted for use as a co-catalyst 
operative at a temperature of as high as about 1 000 °C, 
i.e. the operation temperature of future requisite, the 40 
specific surface area of the composite oxide retained 
after heated at 1 100 °C for 6 hours is employed as the 
property index. The temperature, 1100 °C, is recog- 
nized as the maximum operation temperature, and thus 
used for evaluating the heat resistance of a composite 45 
oxide. The specific surface area referred to in the spec- 
ification is measured according to BET method utilizing 
absorption of nitrogen gas, which is a standard method 
for measuring the specific surface area of powders. 
[0021] The composite oxide of the present invention so 
may optionally contain, in addition to zirconium and 
cerium, one or more members selected from the group 
consisting of yttrium, scandium, lanthanum, praseo- 
dymium, neodymium, samarium, europium, gadolinium, 
magnesium, calcium, barium, aluminum, titanium, and ss 
hafnium, in a total amount in terms of oxides of 0.1 to 20 
% by weight of the total amount of the composite oxide. 
Addition of the particular metal further improves the 



heat resistance of the composite oxide. With less than 
0. 1 % by weight of the metal, no improvement is 
achieved in the heat resistance. Addition of more than 
20 % by weight of the metal causes relative reduction of 
the cerium content, which results in insufficient oxygen 
absorbing and desorbing capability compared to the 
level required for a co-catalyst, thus being not preferred. 
[0022] According to the method of the present inven- 
tion, the composite oxide mentioned above may be pre- 
pared with good reproducibility and in an economical 
manner. In this method, a mixture containing a particu- 
lar zirconium material and a particular cerium material 
is reacted in the presence of a particular amount of nitric 
acid under heating. 

[0023] The particular zirconium material is zirconium 
hydroxide powders having an average particle size of 
0.5 to 50 |im, preferably 1 to 30 fim, more preferably 5 
to 25 fim. With the average particle size of smaller than 
0.5 jLim, a composite oxide having excellent heat resist- 
ance and the large specific surface area intended in the 
present invention cannot be obtained. The average par- 
ticle size of larger than 50 jim results in a composite 
oxide having a smaller specific surface area. The zirco- 
nium hydroxide is a generic term for (1) zirconium 
hydroxide Zr(OH) 4 • nH 2 0. (2) zirconium oxyhydroxide 
ZrO(OH) 2 • nH 2 0. and (3) hydrated zirconia Zr0 2 • 
nH 2 0. One of these or a mixture of two or more of these 
may be used. 

[0024] The zirconium hydroxide powders may be com- 
mercially available powdered-form products, or may 
also be prepared by a known method, including adding 
a base such as ammonia water, ammonia gas, sodium 
hydroxide, or potassium hydroxide to an aqueous solu- 
tion of a zirconium salt such as zirconium nitrate, zirco- 
nium chloride, or zirconyl nitrate to precipitate the 
zirconium hydroxide. In particular, the method using zir- 
conyl nitrate and ammonia is advantageous since impu- 
rities, such as chlorine or sulfur, having adverse effect 
are not included. Incidentally, the average particle size 
was measured by a particle size analyzer (type MKII ) 
manufactured by LEEDS & NORTHRUP CO., LTD. uti- 
lizing laser diffraction. 

[0025] The particular cerium material is a cerium sol 
having an average colloidal particle size of 3 to 100 nm, 
preferably 5 to 80 nm, more preferably 10 to 50 nm. The 
cerium sol includes in general a cerium oxide sol, a 
hydrated cerium oxide sol, a cerium hydroxide sol, each 
containing particles of the colloid size, or a mixture 
thereof, in which solid fine particles (colloidal particles) 
are dispersed in an aqueous medium. If the average 
colloidal particle size is smaller than 3 nm. production in 
industrial scale will be difficult. If the average colloidal 
particle size is larger than 100 nm, the colloidal particles 
do not compound to zirconium oxide easily in the later 
process. The average colloidal particle size was meas- 
ured by a Dynamic Light Scattering Photometer (DLS- 
7000) manufactured by OTSUKA ELECTRONICS CO. 
in accordance with dynamic light scattering measure- 
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ment method. 

[0026] The method for preparing the cerium sol is not 
particularly limited, and may include known methods 
such as hydrolysis of an aqueous solution of eerie 
nitrate. Alternatively, a commercially available cerium s 
sol having the concentration of about 100 to 200 g/liter 
in terms of cerium oxide may also be used. The com- 
mercially available cerium sol is usually acidified with 
nitric or acetic acid in order to stabilize the sol state, and 
either type may be used. It is desired, however, to select 10 
a product containing minimum residual impurities, such 
as chlorine or sulfur, originating from the starting mate- 
rials for cerium sol production. 

[0027] In the mixture mentioned above, the mixing 
ratio of the zirconium hydroxide powders and the cerium is 
sol may suitably be selected so as to be at a theoretical 
ratio corresponding to the composition of an objective 
zirconium-cerium composite oxide. It is preferred, for 
example, to mix zirconium and cerium at a weight ratio 
in the range of 51 to 95 : 49 to 5 in terms of zirconium 20 
oxide and eerie oxide. The mixture may preferably be 
prepared by measuring the zirconium hydroxide pow- 
ders and the cerium sol, and mixing them together with 
a suitable amount of water to prepare a mixture in the 
form of a slurry. The total concentration of the zirconium 25 
hydroxide powders and the cerium sol in the resulting 
mixture is preferably 10 to 200 g/liter, more preferably 
20 to 150 g/liter in terms of oxides. 
[0028] The mixture may optionally contain one or 
more salts selected from the group consisting of salts of 30 
yttrium, scandium, lanthanum, praseodymium, neodym- 
ium, samarium, europium, gadolinium, magnesium, cal- 
cium, barium, aluminum, titanium, and hafnium, if 
desired. The salts may be selected from nitrates, chlo- 
rides, sulfates, and other water-soluble salts. Besides 35 
water-soluble salts, compounds that are dissolved and 
ionized when heated in the presence of nitric acid in the 
next step may also be used. Particularly preferred are 
nitrates that do not cause adversely affecting impurities 
to remain in the resulting composite oxide. The salt is 40 
preferably measured and mixed in a theoretical amount 
that results in the total salt amount in terms of oxides of 
0.1 to 20 % by weight of the resulting composite oxide. 
Such a component in the mixture other than zirconium 
and cerium is finely dispersed in the form of a solid solu- 45 
tion or an oxide in the resulting composite oxide, and 
functions to prevent the growth of crystal grains of the 
composite oxide at a high temperature. 
[0029] The reaction of the mixture under heating is 
preferably carried out under stirring, and 5 to 10 moles, so 
preferably 5.5 to 8 moles, and more preferably 5.8 to 7 
moles of nitric acid is required per mole of cerium in the 
mixture. When the cerium sol in the mixture has been 
stabilized by acidification with nitric acid as mentioned 
above, the above-mentioned amount of nitric acid in 55 
mole to be present is adjusted to include such nitric acid 
used for acidification. When the cerium sol has been 
stabilized by acidification with acetic acid as mentioned 



above, the amount of nitric acid in mole mentioned 
above is added. In the presence of the particular 
amount of nitric acid, crystals of the zirconium hydroxide 
powders and the cerium sol particles undergo repeated 
elution and crystallization, so that zirconium and cerium 
compound to each other while growth of the crystals 
proceeds. With less than 5 moles of nitric acid, sufficient 
crystal growth cannot be achieved, resulting in poor 
heat resistance of the composite oxide. With more than 
10 moles of nitric acid, zirconium hydroxide powders 
dissolve to generate increased amount of ionized zirco- 
nium, which reacts with a base in the following step to 
generate fine precipitate. The generation of fine precip- 
itate prevents generation of sufficiently grown precursor 
intended in the present invention, and as a result, a 
composite oxide having excellent heat resistance can- 
not be obtained. 

[0030] The reaction in the presence of nitric acid 
under heating may be carried out at the reaction tem- 
perature of 60 to 150 °C, preferably 80 to 140 °C, for the 
duration of 1 to 36 hours. The reaction is preferably car- 
ried out under atmospheric pressure or increased pres- 
sure. Reaction under increased pressure may be 
carried out in a pressurized vessel such as an autoclave 
under pressure of about 1.5 to 10 kg/cm 2 , resulting in 
shortened reaction time. 

[0031] In the method of the present invention, a base 
is added to the reacted mixture, and further reaction is 
carried out to precipitate a product. This further reaction 
may be carried out, for example, by cooling the mixture 
reacted in the presence of nitric acid down to a temper- 
ature of preferably 60 °C or below, more preferably 50 
°C or below, adding a base, and stirring the resulting 
mixture to proceed the reaction. The base may be 
sodium hydroxide, potassium hydroxide, ammonia 
water, ammonia gas, or mixtures thereof, among which 
ammonia water is preferred. The base may be added by 
preparing an aqueous solution of a suitable base con- 
centration, and adding the solution to the cooled mixture 
under stirring; or when ammonia gas is used, blowing 
the gas into the vessel under stirring. The maximum 
amount of the base may easily be determined by meas- 
urement of pH change in the mixture. The pH in excess 
of 10 indicates that sufficient amount of the base has 
been added for completing the reaction. Through this 
reaction, substantially all of the solids and metal ions 
present in the mixture form a composite, and precipitate 
in the form of a product having sufficiently-grown crys- 
tals. Figs. 1 and 2 illustrate the results of X-ray diffrac- 
tion of the products at this stage prepared in Example 1 
and Comparative Example 1, respectively, measured 
under the same conditions. It is seen from these figures 
that the product according to the present invention is 
highly crystalline. This product is a suitable precursor 
for obtaining an objective composite oxide having excel- 
lent heat resistance. The precursor may be separated, 
for example, by Nutsche method, centrifugal method, or 
filter pressing method. Further, the separated precipi- 
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tate may be washed with water, or suitably dried to 
improve the efficiency in the next calcination step, if nec- 
essary. 

[0032] According to the method of the present inven- 
tion, the obtained product is calcined at a particular tem- 
perature, thereby obtaining an objective composite 
oxide. The calcination temperature may be selected 
arbitrarily from the range of 500 to 1000 °C. The mini- 
mum temperature is set at 500 °C for the following rea- 
sons. As can be seen from Fig. 3, which illustrates the 
results of thermogravimetry using a thermobalance 
(TG-DTA-812H manufactured by RIGAKU CORPORA- 
TION), the weight decrease is completed at 500 °C. 
This means that, with the calcination temperature of 
lower than 500 °C, a zirconium-cerium composite oxide 
has not been completed, and still has hydroxyl groups, 
acid radicals, and bases remaining therein, which are 
released upon use of the composite oxide at a high tem- 
perature. Thus, this temperature range cannot be 
adopted. Figs. 4 is a graph indicating comparison of the 
change in the crystallite size of the composite oxide of 
the present invention (prepared in Example 1 below) 
and that prepared in Comparative Example 1 with 
respect to the calcination temperature (for 6 hours 
each) in the temperature range of above 500 °C. Fig. 5 
is a graph indicating the corresponding change in the 
specific surface area. From these figures, it is under- 
stood that when the present composite oxide is calcined 
even at a high temperature, the crystallite hardly 
becomes too large (the degree of sintering is low) , and 
thus the large specific surface area can be maintained. 
The calcination temperature for obtaining a desired 
composite oxide may suitably be selected depending on 
the required or assured specific surface area or bulk 
density. However, the maximum temperature is limited 
to 1000 °C or lower in view of the practical point of view 
as a co-catalyst, in which the specific surface area is an 
important feature. The calcination temperature is prefer- 
ably 500 to 800 °C. more preferably 500 to 600 °C. The 
duration of calcination may suitably be selected taking 
the temperature into consideration, and preferably 1 to 
10 hours. The composite oxide according to the present 
invention has excellent heat resistance, and is capable 
of maintaining the large specific surface area of not 
smaller than 20 m 2 /g even after heating at 11 00 °C for 6 
hours. 

[0033] The composite oxide of the present invention 
may be pulverized after the calcination step. The result- 
ing pulverized product, i.e. composite oxide powders, 
may be used as a co-catalyst for purifying exhaust gas. 
The pulverization may be carried out sufficiently by pul- 
verizing the calcined composite oxide with an ordinary 
pulverizer such as a hammer mill to obtain powders of a 
desired particle size. The particle size of the composite 
oxide powders for use as a co-catalyst for purifying 
exhaust gas is not particularly limited, but preferably in 
the range of 1 to 20 |im. The resulting co-catalyst may 
be used in a method usually employed for having a cat- 



alytic metal carried on a catalyst matrix. 
[0034] The composite oxide of the present invention is 
mainly composed of a composite oxide of zirconium and 
cerium, has large specific surface area, and has excel- 

5 lent heat resistance to enable maintenance of the spe- 
cific surface area of not smaller than 20 rr^/g even after 
heating at 1 100 °C for 6 hours. Accordingly, the present 
composite oxide may be used, in place of a conven- 
tional zirconium-cerium composite oxide, as in particu- 

w lar a co-catalyst for purifying exhaust gas, and is 
operative in a temperature range above the critical tem- 
perature for the conventional composite oxide. In addi- 
tion, the present composite oxide is quite useful in the 
field of catalysts for purifying exhaust gas at high effi- 

75 ciency. According to the method of* the present inven- 
tion, the composite oxide having large specific surface 
area and superior heat resistance can be prepared with 
good reproducibility and in an economical manner. 

20 EXAMPLES 

[0035] The present invention will now be explained in 
detail with reference to Examples and Comparative 
Examples, but the present invention is not limited to 

25 these. 

EXAMPLE 1 

[0036] 81 .05 g of zirconium hydroxide powders (man- 

30 ufactured by SANTOKU METAL INDUSTRY, CO., LTD., 
99.9 % purity, content in terms of zirconium oxide: 40.1 
% by weight, average particle size: 1 8.56 Jim), 1 50 ml of 
a cerium sol (manufactured by RHONE-POULENC 
CHIMIE S.A., cerium ion content: 5 % by weight or less, 

35 concentration in terms of cerium oxide: 100 g/liter) , and 
16.67 ml of an aqueous solution of lanthanum nitrate 
(manufactured by ANAN KASEI CO.. LTD., 99.9 % 
purity, concentration in terms of lanthanum oxide: 150 
g/liter) were mixed to prepare a mixture having the 

40 weight ratio of Zr0 2 : Ce0 2 : La 2 0 3 = 65 : 30 : 5. To this 
mixture was added nitric acid (manufactured by WAKO 
PURE CHEMICAL INDUSTRIES, LTD., 60-61 % purity) 
so that 6 moles of nitric acid was present per mole of 
total cerium. Further, deionized water was added to 

45 adjust the concentration in terms of oxides to 50 g/liter, 
thereby obtaining 1 liter of a mixture. Then, 1 liter of this 
mixture was transferred to a vessel equipped with a 
reflux condenser, and heated at 100 °C for 12 hours 
under stirring. After the reacted mixture was allowed to 

so cool down to 20 °C, ammonia water (manufactured by 
WAKO PURE CHEMICAL INDUSTRIES, LTD., NH 3 
content: 25-28 % by weight) was added to the mixture 
under stirring to adjust the pH to 10 or higher. The 
resulting product was subjected to solid-liquid separa- 

55 tion using a Nutsche filter, thereby obtaining 1 39.23 g of 
precipitate. The precipitate thus obtained was subjected 
to measurement using an X-ray diffractometer 
"RINT1100" manufactured by RIGAKU CORPORA- 
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TION with CuK abeam, at X-ray tube voltage of 40 kV 
and X-ray tube current of 40 mA. The X-ray diffraction 
pattern is shown in Fig. 1. The exact crystallite size 
could not be determined, but the X-ray intensity of the 
peak indicating crystallinity was about 700 cps. Subse- 5 
quently, the precipitate was calcined at 500 °C for 6 
hours to obtain 50 g of a lanthanum-containing zirco- 
nium-cerium composite oxide having the specific sur- 
face area of 92.7 n 2 /g. The composite oxide thus 
obtained was further heated at 900 °C, 1000 °C, and w 
11 00 °C, respectively, for 6 hours each, and the specific 
surface areas after the heatings are shown in Table 1 
and Fig. 5. The crystallite sizes determined from X-ray 
diffraction patterns are shown in Fig. 4. The specific sur- 
face area of the composite oxide after heating at 1 100 75 
°C for 6 hours was 24.7 m 2 /g. Composition analysis 
revealed that the contents of zirconium, cerium, and 
lanthanum in the composite oxide were 65.1% by 
weight, 29.9% by weight, and 5% by weight, respec- 
tively, in terms of zirconium oxide, eerie oxide, and Ian- 20 
thanum oxide, respectively. 

Example 2 

[0037] 93.52 g of the zirconium hydroxide powders, 25 
100 ml of the cerium sol, and 16.67 ml of the aqueous 
solution of lanthanum nitrate, all as used in Example 1, 
were mixed to prepare a mixture having the weight ratio 
of Zr0 2 : Ce0 2 : La 2 0 3 = 75 : 20 : 5. To this mixture was 
added nitric acid so that 6.2 moles of nitric acid was 30 
present per mole of total cerium. Further, deionized 
water was added to adjust the concentration in terms of 
oxides to 50 g/liter, thereby obtaining 1 liter of a mixture. 
Then, according to the process described in Example 1, 
the resulting mixture was heated under stirring, mixed 35 
with the ammonia water, and subjected to solid-liquid 
separation of the resulting product, to thereby obtain 
142 g of precipitate. The precipitate was subjected to 
the measurement using the X-ray diffractometer under 
the same conditions as described in Example 1. The 40 
exact crystallite size could not be determined, but the X- 
ray intensity of the peak indicating crystallinity was 
about 700 cps. Subsequently, the precipitate was cal- 
cined in the same way as in Example 1 to obtain 50 g of 
a lanthanum-containing zirconium-cerium composite 45 
oxide having the specific surface area of 115.7 m 2 /g. 
The composite oxide thus obtained was further heated 
at 900 °C, 1000 °C, and 1100 °C, respectively, for 6 
hours each, and the specific surface areas after the 
heatings are shown in Table 1 . The specific surface area so 
of the composite oxide after heating at 1100 °C for 6 
hours was 22.4 m 2 /g. Composition analysis revealed 
that the contents of zirconium, cerium, and lanthanum in 
the composite oxide were 74.9 % by weight, 20.2 % by 
weight, and 4.9 % by weight, respectively, in terms of 55 
zirconium oxide, eerie oxide, and lanthanum oxide, 
respectively. 



Example 3 

[0038] 93.52 g of the zirconium hydroxide powders 
and 125 ml of the cerium sol, both as used in Example 
1 , were mixed to prepare a mixture having the weight 
ratio of Zr0 2 : Ce0 2 = 75 : 25. To this mixture was added 
nitric acid so that 5.5 moles of nitric acid was present 
per mole of total cerium. Further, deionized water was 
added to adjust the concentration in terms of oxides to 
50 g/liter, thereby obtaining 1 liter of a mixture. Then, 
the mixture thus obtained was subjected to the same 
operations as in Example 1 , to thereby obtain 141 .62 g 
of precipitate. The precipitate was subjected to the 
measurement using the X-ray diffractometer under the 
same conditions as described in Example 1 . The exact 
crystallite size could not be determined, but the X-ray 
intensity of the peak indicating crystallinity was about 
700 cps. Subsequently, the precipitate was subjected to 
the same operation as in Example 1 to obtain 50 g of a 
zirconium-cerium composite oxide having the specific 
surface area of 112.4 m 2 /g. The composite oxide thus 
obtained was further heated at 900 °C, 1000 °C, and 
1 100 °C, respectively, for 6 hours each, and the specific 
surface areas after the heatings are shown in Table 1. 
The specific surface area of the composite oxide after 
heating at 1 100 °C for 6 hours was 20.4 m 2 /g. Compo- 
sition analysis revealed that the contents of zirconium 
and cerium in the composite oxide were 75 % by weight 
and 25 % by weight, respectively, in terms of zirconium 
oxide and eerie oxide, respectively. 

Example 4 

[0039] 81.05 g of the zirconium hydroxide powders, 
150 ml of the cerium sol, both as used in Example 1, 
and 16.67 ml of an aqueous solution of neodymium 
nitrate (manufactured by AN AN KASEI CO., LTD., 99.9 
% purity, concentration in terms of neodymium oxide: 
150 g/liter) were mixed to prepare a mixture having the 
weight ratio of Zr0 2 : Ce0 2 : Nd 2 0 3 = 65 : 30 : 5. To this 
mixture was added nitric acid so that 6.5 moles of nitric 
acid was present per mole of total cerium. Further 
deionized water was added to adjust the concentration 
in terms of oxides to 50 g/liter, thereby obtaining 1 liter 
of a mixture. Then, the mixture thus obtained was sub- 
jected to the same operations as in Example 1, to 
thereby obtain 138.24 g of precipitate. The precipitate 
was subjected to the measurement using the X-ray dif- 
fractometer under the same conditions as described in 
Example 1 . The exact crystallite size could not be deter- 
mined, but the X-ray intensity of the peak indicating 
crystallinity was about 700 cps. Subsequently, the pre- 
cipitate was subjected to the same operation as in 
Example 1 to obtain 50 g of a neodymium-containing 
zirconium-cerium composite oxide having the specific 
surface area of 91 .3 m 2 /g. The composite oxide thus 
obtained was further heated at 900 °C, 1000 °C, and 
1 100 °C, respectively, for 6 hours each, and the specific 
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surface areas after the heatings are shown in Table 1 . 
The specific surface area of the composite oxide after 
heating at 1100 °C for 6 hours was 23.8 rn 2 /g. Compo- 
sition analysis revealed that the contents of zirconium, 
cerium, and neodymium in the composite oxide were 65 
% by weight, 30.1 % by weight, and 4.9 % by weight, 
respectively, in terms of zirconium oxide, eerie oxide, 
and neodymium oxide, respectively. 

EXAMPLE 5 

[0040] 81.05 g of the zirconium hydroxide powders, 
150 ml of the cerium sol, both as used in Example 1, 
and 16.67 ml of an aqueous solution of aluminum nitrate 
(nonahydrate of aluminum nitrate manufactured by 
WAKO PURE CHEMICALS. LTD., 99.9 % purity, aque- 
ous solution with concentration in terms of aluminum 
oxide of 150 g/liter) were mixed to prepare a mixture 
having the weight ratio of Zr0 2 : Ce0 2 : Al 2 0 3 = 65 : 30 
: 5. To this mixture was added nitric acid so that 6.1 
moles of nitric acid was present per mole of total 
cerium. Further, deionized water was added to adjust 
the concentration in terms of oxides to 50 g/liter, thereby 
obtaining 1 liter of a mixture. Then, the mixture thus 
obtained was subjected to the same operations as in 
Example 1, to thereby obtain 137.94 g of precipitate. 
The precipitate was subjected to the measurement 
using the X-ray diffractometer under the same condi- 
tions as described in Example 1. The exact crystallite 
size could not be determined, but the X-ray intensity of 
the peak indicating crystallinity was about 700 cps. Sub- 
sequently, the precipitate was subjected to the same 
operation as in Example 1 to obtain 50 g of an alumi- 
num-containing zirconium-cerium composite oxide hav- 
ing the specific surface area of 90.9 m 2 /g. The 
composite oxide thus obtained was further heated at 
900 °C, 1000 °C, and 1 100 °C, respectively, for 6 hours 
each, and the specific surface areas after the heatings 
are shown in Table 1. The specific surface area of the 
composite oxide after heating at 1100 °C for 6 hours 
was 24.2 rrf/g. Composition analysis revealed that the 
contents of zirconium, cerium, and aluminum in the 
composite oxide were 65.1 % by weight, 30 % by 
weight, and 4.9% by weight, respectively, in terms of zir- 
conium oxide, eerie oxide, and aluminum oxide, respec- 
tively. 

EXAMPLE 6 

[0041] 81.05 g of the zirconium hydroxide powders, 
150 ml of the cerium sol, both as used in Example 1, 
and 16.67 ml of an aqueous solution of magnesium 
nitrate (hexahydrate of magnesium nitrate manufac- 
tured by WAKO PURE CHEMICALS, LTD., 99.9 % 
purity, aqueous solution with concentration in terms of 
magnesium oxide of 150 g/liter) were mixed to prepare 
a mixture having the weight ratio of Zr0 2 : Ce0 2 : MgO 
= 65 : 30 : 5. To this mixture was added nitric acid so 



that 6. 1 moles of nitric acid was present per mole of total 
cerium. Further, deionized water was added to adjust 
the concentration in terms of oxides to 50 g/liter, thereby 
obtaining 1 liter of a mixture. Then, the mixture thus 

5 obtained was subjected to the same operation as in 
Example 1. to thereby obtain 137.79 g of precipitate. 
The precipitate was subjected to the measurement 
using the X-ray diffractometer under the same condi- 
tions as described in Example 1. The exact crystallite 

70 size could not be determined, but the X-ray intensity of 
the peak indicating crystallinity was about 700 cps. Sub- 
sequently, the precipitate was subjected to the same 
operations as in Example 1 to obtain 50 g of a magne- 
sium-containing zirconium-cerium composite oxide hav- 

75 ing the specific surface area of 91.6 m 2 /g. The 
composite oxide thus obtained was further heated at 
900 °C, 1000 °C. and 1100 °C, respectively, for 6 hours 
each, and the specific surface areas after the heatings 
are shown in Table 1 . The specific surface area of the 

20 composite oxide after heating at 1100 °C for 6 hours 
was 25.3 m 2 /g. Composition analysis revealed that the 
contents of zirconium, cerium, and magnesium in the 
composite oxide were 65.1 % by weight. 30 % by 
weight, and 4.9 % by weight, respectively, in terms of 

25 zirconium oxide, eerie oxide, and magnesium oxide, 
respectively. 

Example 7 

30 [0042] 81.05 g of the zirconium hydroxide powders, 
150 ml of the cerium sol, and 16.67 ml of the aqueous 
solution of lanthanum nitrate, all as used in Example 1, 
were mixed to prepare a mixture having the weight ratio 
of Zr0 2 : Ce0 2 : La 2 0 3 = 65 : 30 : 5. To this mixture was 

35 added nitric acid so that 7 moles of nitric acid was 
present per mole of total cerium. Further, deionized 
water was added to adjust the concentration in terms of 
oxides to 50 g/liter, thereby obtaining 1 liter of a mixture. 
Then, the mixture thus obtained was subjected to the 

40 same operation as in Example 1, to thereby obtain 
1 38.04 g of precipitate. The precipitate was subjected to 
the measurement using the X-ray diffractometer under 
the same conditions as described in Example 1 . The 
exact crystallite size could not be determined, but the X- 

45 ray intensity of the peak indicating crystallinity was 
about 700 cps. subsequently, the precipitate was sub- 
jected to the same operations as in Example 1 to obtain 
50 g of a lanthanum-containing zirconium-cerium com- 
posite oxide having the specific surface area of 108.1 

so m 2 /g. The composite oxide thus obtained was further 
heated at 900 °C, 1000 °C, and 1100 °C. respectively, 
for 6 hours each, and the specific surface areas after the 
heatings are shown in Table 1 . The specific surface area 
of the composite oxide after heating at 1100 °C for 6 

55 hours was 24.5 m 2 /g. Composition analysis revealed 
that the contents of zirconium, cerium, and lanthanum in 
the composite oxide were 65.1 % by weight, 30 % by 
weight, and 4.9 % by weight, respectively, in terms of 
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zirconium oxide, eerie oxide, and lanthanum oxide, 
respectively. 

Example 8 

[0043] 81.05 g of the zirconium hydroxide powders, 
83.3 ml of the cerium sol, and 33.3 m! of the aqueous 
solution of lanthanum nitrate, all as used in Example 1, 
were mixed to prepare a mixture having the weight ratio 
of Zr0 2 : Ce0 2 : La 2 0 3 = 65 : 25 : 10. To this mixture 
was added nitric acid so that 5.8 moles of nitric acid was 
present per mole of total cerium. Further, deionized 
water was added to adjust the concentration in terms of 
oxides to 50 g/liter, thereby obtaining 1 liter of a mixture. 
Then, 1 liter of the mixture was transferred to a pressu- 
rized reaction vessel (autoclave), and held for 6 hours 
while the mixture was stirred under pressure (2 kg/cm 2 ) 
. Then ammonia water was added to the reacted mix- 
ture in the same way as in Example 1 , and the resulting 
product was subjected to solid-liquid separation, 
thereby obtaining 136.53 g of precipitate. The precipi- 
tate thus obtained was subjected to measurement using 
the X-ray diffractometer in the same way as in Example 
1 . The exact crystallite size could not be determined, 
but the X-ray intensity of the peak indicating crystallinity 
was about 700 cps. Subsequently, the precipitate was 
subjected to the same operation as in Example 1 to 
obtain 50 g of a lanthanum-containing zirconium-cerium 
composite oxide having the specific surface area of 
102.6 m 2 /g. The composite oxide thus obtained was fur- 
ther heated at 900 °C, 1000 °C, and 1100 °C, respec- 
tively, for 6 hours each, and the specific surface areas 
after the heatings are shown in Table 1 . The specific 
surface area of the composite oxide after heating at 
1 100 °C for 6 hours was 27 rrr^/g. Composition analysis 
revealed that the contents of zirconium, cerium, and 
lanthanum in the composite oxide were 65.1 % by 
weight, 24.8 % by weight, and 10.1 % by weight, 
respectively, in terms of zirconium oxide, eerie oxide, 
and lanthanum oxide, respectively. 

Comparative Example 1 

[0044] 130 ml of a zirconyl nitrate solution (manufac- 
tured by SANTOKU METAL INDUSTRY, CO., LTD., 99 
% purity, concentration in terms of zirconium oxide: 250 
g/liter), 150 ml of the cerium sal, and 16.67 ml of the 
aqueous solution of lanthanum nitrate were mixed to 
prepare a mixture having the weight ratio of 2r0 2 : 
Ce0 2 : La 2 0 3 = 65 :30 : 5. To this mixture was added 
deionized water to adjust the concentration in terms of 
oxides to 50 g/liter, thereby obtaining 1 liter of a mixture. 
Then, the mixture thus obtained was subjected to the 
same operations as in Example 1, to thereby obtain 
141.21 g of precipitate. The precipitate thus obtained 
was in the form of a gel. The precipitate was subjected 
to the measurement using the X-ray diffractometer 
under the same conditions as described in Example 1. 



The X-ray diffraction pattern is shown in Fig. 2. The 
exact crystallite size could not be determined, but the X- 
ray intensity of the peak indicating crystallinity was 
about 500 cps. Subsequently, the precipitate was sub- 

5 jected to the same operation as in Example 1 to obtain 
50 g of a lanthanum-containing zirconium-cerium com- 
posite oxide having the specific surface area of 97 .7 
m 2 /g. The composite oxide thus obtained was further 
heated at 900 °C, 1000 °C, and 1100 °C, respectively, 

10 for 6 hours each, and the specific surface areas after the 
heatings are shown in Table 1 and Fig. 5. The crystallite 
sizes determined from X-ray diffraction patterns are 
shown in Fig. 4. The specific surface area of the com- 
posite oxide after heating at 1 100 °C for 6 hours was 7.1 

15 m 2 /g. Composition analysis revealed that the contents 
of zirconium, cerium, and lanthanum in the composite 
oxide were 65 % by weight, 30.1 % by weight, and 4.9 
% by weight, respectively, in terms of zirconium oxide, 
eerie oxide, and lanthanum oxide, respectively. 

20 

Comparative Example 2 

[0045] 81 .05 g of the zirconium hydroxide powders, 
150 m! of the cerium sol, and 16.67 ml of the aqueous 

25 solution of lanthanum nitrate were mixed to prepare a 
mixture having the weight ratio of Zr0 2 : Ce0 2 : La 2 Q 3 
= 65 : 30 : 5. To this mixture was added nitric acid so 
that 1 1 moles of nitric acid was present per mole of total 
cerium. Further, deionized water was added to adjust 

30 the concentration in terms of oxides to 50 g/liter, thereby 
obtaining 1 liter of a mixture. Then, the mixture thus 
obtained was subjected to the same operation as in 
Example 1, to thereby obtain 140.35 g of precipitate. 
The precipitate thus obtained was in the form of a gel. 

35 The precipitate was subjected to the measurement 
using the X-ray diffractometer under the same condi- 
tions as described in Example 1 . The exact crystallite 
size could not be determined, but the X-ray intensity of 
the peak indicating crystallinity was about 500 cps. Sub- 

40 sequently, the precipitate was subjected to the same 
operations as in Example 1 to obtain 50 g of a lantha- 
num-containing zirconium-cerium composite oxide hav- 
ing the specific surface area of 96 m 2 /g. The composite 
oxide thus obtained was further heated at 900 °C, 1000 

45 °C, and 1 100 °C, respectively, for 6 hours each, and the 
specific surface areas after the heatings are shown in 
Table 1. The specific surface area of the composite 
oxide after heating at 1 100 °C for 6 hours was 7.6 m 2 /g. 
Composition analysis revealed that the contents of zir- 

50 conium, cerium, and lanthanum in the composite oxide 
were 65.1% by weight, 30 % by weight, and 4.9 % by 
weight, respectively, in terms of zirconium oxide, eerie 
oxide, and lanthanum oxide, respectively. 

55 Comparative Example 3 

[0046] 81.05 g of the zirconium hydroxide powders, 
150 ml of the cerium sol, and 16.67 ml of the aqueous 
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solution of lanthanum nitrate were mixed to prepare a 
mixture having the weight ratio of Zr0 2 : Ce0 2 : La 2 0 3 
= 65 : 30 : 5. To this mixture was added nitric acid so 
that 4.5 moles of nitric acid was present per mole of total 
cerium. Further, deionized water was added to adjust 
the concentration in terms of oxides to 50 g/liter, thereby 
obtaining 1 liter of a mixture. Then, the mixture thus 
obtained was subjected to the same operation as in 
Example 1, to thereby obtain 140.67 g of precipitate. 
The precipitate thus obtained was in the form of a gel. 
The precipitate was subjected to the measurement 
using the X-ray diffractometer under the same condi- 
tions as described in Example 1. The exact crystallite 
size could not be determined, but the X-ray intensity of 
the peak indicating crystallinity was about 500 cps. Sub- 
sequently, the precipitate was subjected to the same 
operations as in Example 1 to obtain 50 g of a lantha- 
num-containing zirconium-cerium composite oxide hav- 
ing the specific surface area of 98.7 m 2 /g. The 
composite oxide thus obtained was further heated at 
900 °C, 1000 °C, and 1 100 °C, respectively, for 6 hours 
each, and the specific surface areas after the heatings 
are shown in Table 1 . The specific surface area of the 
composite oxide after heating at 1100 °C for 6 hours 
was 3.3 m 2 /g. Composition analysis revealed that the 
contents of zirconium, cerium, and lanthanum in the 
composite oxide were 65 % by weight, 30 % by weight, 
and 5 % by weight, respectively, in terms of zirconium 
oxide, eerie oxide, and lanthanum oxide, respectively. 

Comparative Example 4 

[0047] 650 ml of a zirconium sol. (99.9 % purity, con- 
centration in terms of zirconium oxide: 50 g/liter) pre- 
pared by hydrolysis of zirconium oxychloride, 150 ml of 
the cerium sol., and 16.67 ml of the aqueous solution of 
lanthanum nitrate were mixed to prepare a mixture hav- 
ing the weight ratio of Zr0 2 : Ce0 2 : La 2 O s = 65 : 30 : 5. 
To this mixture was added deionized water to adjust the 
concentration in terms of oxides to 50 g/liter, thereby 
obtaining 1 liter of a mixture. Then, the mixture thus 
obtained was subjected to the same operations as in 
Example 1, to thereby obtain 141.68 g of precipitate. 
The precipitate was subjected to the measurement 
using the X-ray diffractometer under the same condi- 
tions as described in Example 1. The exact crystallite 
size could not be determined, but the X-ray intensity of 
the peak indicating crystallinity was about 500 cps. Sub- 
sequently, the precipitate was subjected to the same 
operation as in Example 1 to obtain 50 g of a lantha- 
num-containing zirconium-cerium composite oxide hav- 
ing the specific surface area of 115.7 m 2 /g. In the 
composite oxide thus obtained, 0.18 % by weight of 
chlorine was detected. The composite oxide was further 
heated at 900 ^C, 1000 °C. and 1100 °C. respectively, 
for 6 hours each, and the specific surface areas after the 
heatings are shown in Table 1 . The specific surface area 
of the composite oxide after heating at 1100 °C for 6 



hours was 6.9 m 2 /g. Composition analysis revealed that 
the contents of zirconium, cerium, and lanthanum in the 
composite oxide were 64.9% by weight, 30.2 % by 
weight, 4.9% by weight, respectively, in terms of zirco- 
5 nium oxide, eerie oxide, and lanthanum oxide, respec- 
tively. 
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Claims 

1. A zirconium-cerium composite oxide comprising 
zirconium and cerium at a weight ratio in a range of 
51 to 95 : 49 to 5 in terms of zirconium oxide and 
eerie oxide, said composite oxide having a specific 
surface area of not smaller than 50 m 2 /g, wherein 
said composite oxide is capable of maintaining a 
specific surface area of not smaller than 20 m 2 /g 
even after heating at 1 1 00 °C for 6 hours. 

2. The zirconium-cerium composite oxide of claim 1 
further comprising a metal selected from the group 
consisting of yttrium, scandium, lanthanum, pra- 
seodymium, neodymium, samarium, europium, 
gadolinium, magnesium, calcium, barium, alumi- 
num, titanium, hafnium, and mixtures thereof, in a 
total amount in terms of oxides of 0.1 to 20 % by 
weight of said composite oxide. 

3. A method for preparing the zirconium-cerium com- 
posite oxide of claim 1 comprising the steps of: 

reacting under heating a mixture comprising 
zirconium hydroxide powders having an aver- 
age particle size of 0.5 to 50 u,m and a cerium 
sol having an average colloidal particle size of 
3 to 100 nm, in the presence of 5 to 10 moles of 
nitric acid per mole of cerium in said mixture, 
adding a base, and reacting a resulting mixture 
to precipitate a product, and 
calcining said product at 500 to 1000 °C. 

4. The method of claim 3 wherein said mixture further 
comprises a metal salt selected from the group con- 
sisting of salts of yttrium, scandium, lanthanum, 
praseodymium, neodymium, samarium, europium, 
gadolinium, magnesium, calcium, barium, alumi- 
num, titanium, and hafnium, and mixtures thereof. 

5. The method of claim 3 wherein said step of reacting 
under heating in the presence of nitric acid is car- 
ried out at a temperature of 60 to 1 50 °C for 1 to 36 
hours. 

6. The method of claim 3 wherein said reacting under 
heating in said step of reacting under heating in the 
presence of nitric acid is carried out under pressure 
of 1.5 to 10 kg/cm 2 . 

7. A co-catalyst for purifying exhaust gas comprising 
powders of a zirconium-cerium composite oxide 
comprising zirconium and cerium at a weight ratio 
of 51 to 95 : 49 to 5 in terms of zirconium oxide and 
eerie oxide, said composite oxide having a specific 
surface area of not smaller than 50 m 2 /g, wherein 
said composite oxide is capable of maintaining a 
specific surface area of not smaller than 20 m 2 /g 
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even after heating at 1 100 °C for 6 hours. 

The co-catalyst of claim 7 wherein said powders of 
composite oxide further comprises a metal selected 
from the group consisting of yttrium, scandium, Ian- 5 
thanum, praseodymium, neodymium, samarium, 
europium, gadolinium, magnesium, calcium, bar- 
ium, aluminum, titanium, hafnium, and mixtures 
thereof, in a total amount in terms of oxides of 0.1 to 
20 % by weight of said powders of composite oxide. 10 

The co-catalyst of claim 7 wherein particle size of 
said powders of the composite oxide is in a range of 
1 to 20 \im. 
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